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(57) Cette invention conceme l'utilisation d'antagonistes 
de Rho, ou de proteines apparentees a Rho en tant que 
cibles therapeutiques pour des agents concus pour 
bloquer l'inhibition de la croissance par la myeline ou 
des proteines myeliniques. Un mode de realisation a 
trait a l'utilisation d'antagonistes de Rho developpant 
la regeneration des axones dans le systeme nerveux 
central. L 'agent ou Fantagoniste therapeutique peut se 
presenter sous la forme de petites molecules, proteines 
ou peptides, ou n'importe quel agent se liant a Rho ou 
aux membres de sa famille pour inactiver cette voie. 
On peut citer parmi les modes de realisation 
l'utilisation de la voie regulatrice de Rho en tant 
que cible d'antagonistes de Rho; l'utilisation 
d'inhibiteurs de dissociation de GDP (GDI) inhibe la 
dissociation de GDP de Rho, et par consequent empeche 
la liaison de GDP necessaire a l'activation de Rho; 
l'utilisation d'une proteine d'activation de GTPase 
(GAP) specifique de Rho en tant que cibles pour 
regulation de l'activite de Rho; l'utilisation d'agents 
stimulant la liaison de Rho a GDI et bloquant la liaison 
de Rho a la membrane du plasma est egalement 
consideree comme faisant partie de cette invention; 
l'utilisation de C3 transferase et de toxines apparentees 
telles que A et B, presentant une activite inhibitrice de 
Rho apparentee destinee a inactiver Rho et a stimuler 
la croissance des axones; et rutilisation de formes 
negative dominantes de Rho, pour inactiver Rho, afm 
de developper la croissance des axones. 



(57) This invention provides for the use of antagonists 
of Rho, or proteins related to Rho as therapeutic targets 
for agents designed to block growth inhibition by myelin 
or myelin proteins. One embodiment pertains to the use 
of Rho antagonists that foster axon regeneration in the 
central nervous system. The therapeutic agent or 
antagonist can be small molecules, proteins or peptides, 
or any agent that binds to Rho or its family members to 
inactivate this patheway. Embodiments include: the use 
of the Rho regulatory pathway as a target for Rho 
antagonists; the use of GDP dissociation inhibitors 
(GDIs) inhibit the dissociation of GDP from Rho, and 
thereby prevent the binding of GTP necessary for the 
activation of Rho; the use of Rho specific GTPase 
activating protein (GAPs) as targets for the regulation of 
Rho activity ; the use of agents that promote Rho binding 
to GDI, and block Rho binding to the plasma membrane 
are also considered within the scope of this invention; the 
use of C3 transferase and related toxins such as A and B, 
with related Rho-inhibitory activity to inactivate Rho 
and stimulate axon growth; the use of dominant 
negative forms of Rho, used to inactivate Rho, to foster 
axon growth. 
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(57) Abstract 



This invention provides for the use of antagonists of Rho, or proteins related to Rho as therapeutic targets for agents designed to 
block growth inhibition by myelin or myelin proteins. One embodiment pertains to the use of Rho antagonists that foster axon regeneration 
in the central nervous system. The therapeutic agent or antagonist can be small molecules, proteins or peptides, or any agent that binds to 
Rho or its family members to inactivate this patheway. Embodiments include: the use of the Rho regulatory pathway as a target for Rho 
antagonists; the use of GDP dissociation inhibitors (GDIs) inhibit the dissociation of GDP from Rho, and thereby prevent the binding of 
GTP necessary for the activation of Rho; the use of Rho specific GTPase activating protein (GAPs) as targets for die regulation of Rho 
activity; the use of agents that promote Rho binding to GDI, and block Rho binding to the plasma membrane are also considered within 
the scope of this invention; the use of C3 transferase and related toxins such as A and B, with related Rao-inhibitory activity to inactivate 
Rho and stimulate axon growth; the use of dominant negative forms of Rho, used to inactivate Rho, to foster axon growth. 
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RHO FAMILY ANTAGONISTS AND THEIR USE TO 
BLOCK INHIBITION OF NEURITE OUTGROWTH 

FIELD OF INVENTION 

This invention relates to the regulation of growth of neurons in the Central Nenrous System 

BACKGROUND 

Following trauma in the adult central nervous system (CNS) ofraammals, injuredneunms donotregenaate 
their transected axons. An important barrier to regeneration is the axon growth inhibitory activity that is 
present in CNS myelin and that is also associated with the plasmamembrane of oligodendrocytes, the cells 
thatsynthesizemyelminthe^ 

forreview). Thegrowth inhibitory properti^ofCNS myelin have been demonstratedinanumberof 
differaitlaboratoriesby awide variety of techniques, including platingneurons onmyelin substrates or 
cryostat sections of white matter, and observations of axon contact with mature oligodendrocytes (Schwab, 
M.E., et al. y (1993) Annu. Rev. Neurosci. 16, 565-595). Therefore, it is well documented thai adult 
neurons cannot extend neurites over CNS myelin in vitro, 

Ithas also been weU documented thatremovingmyelh in vivo improves the success of regenerative growth 
over the native terrain of the CNS. Regeneration occuis after irradiation of newbarnrats, aprocedurethal 
kills oligodendrocytes and prevents the appearance of myelin proteins (Savio and Schwab, (1990) 
Neurobiology 87,4130-4133). After such aprocedure in rats and combined with a corticospinal tract 
lesion, some corticospinal axons regrow long distances beyondthe lesions. Also,inaduckmodelofspinal 
cardrepair, the onset of myelination correlates with aloss of its regenerative ability of cut axons (Keirstead, 
et aL, (1992) Proc. Nat Acal Sci (USA) 89, 11664-H668). The removal of myelin with 
anti-galactocerebroside and complement in the embryonic chick spinal cord extends the pamissive period 
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for axonal regeneration. These experiments demonstrate a good correlationbetween my elinahon and the 
failure of axons to regenerate in the CNS. 

Myelin inhibits axon growth because it contains at least several differeirt growth inhfoitary proteins. Ithas 
been well documented by us and by others that rayelin-ass ociated glycoprotein (MAG) has potent growth 
inhibitory activity, both in vitro and in vivo (McKerracher, L, et aL, (1994) Neuron 13, 805-81 1; 
Mukhopadhyay, G., et al, (1994) Neuron li 805-81 1; Li, M, et al. y (1996) / Neurosci Res. 46, 
404414; S(Mct,M., rfoi,(1996)iVaTO 

has been characterizedby Schwab and collaborators, and neutralization of this activity with the IN-1 
antibody allows some axons to regenerate in white matter (Schwab, M.E., et al> (1993) Ann. Rev. 
Neurosci.,16, 565-595; Bregman,B., etal, (1995) Naturem, 498-501.). Wealsohaveevidencethat 
thereisanadditionalgrowthinWbitoryprote^ etaL,(\9¥I)Soc. Neurosci. Ahsts. 

23, 1994). Qearly, there are multiple inhibitory proteins that stop axonregeneration inmammalian CNS 
myelin. 

In addition to the myelin-derivedinhibitors there are also other growth inhibitory molecules expressedin 
the adult mammalian CNS. Tenacin is agrowthinhibitoiy protein that is expressed in some unmyelinated 
regions of the CNS (Bartsch,U, et al f (1994) J. Neurosci U, 4756 - 4768) and after lesion tenascin 
is expressedby astrocytes thatbtt Comp.Neurol. 340> 

233-242). Also growth inhibitory proteins that are proteoglycans are expressedby reactive astrocytes, 
and these proteins farm abarrier toregeneration at die glial scar (McKeon andSilver ( 1 995) Exp. Neurol 
136,32-43). 

While axons damagedin the CNS in vivo do not typically regrow, there have been some reports oflong 
distanceaxon extension in adult white matter. Such growthhas been observedfoUowing transplantation of 
graftedneraBltissue(Wirt(ni^ etal., (1990) NatureML 556-558; Davies,S J.A., a/., (1994) J. 
Neurosci. 14, 1596-1612.; Isacson, O. and Deacon, T.W. (1996) Neuroscience 75, 827-837), 
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suggesting that embryonic neurons primed forrapid extmsion of axons may be less susceptible to growth 
inhibition. Some embryonic neurons are not susceptible to MAG (Mukhopadhyay, G, #a/.,(1994) 
Neuron 13, 805-8 1 1), but most embryonicneurons areinhTritedbytheothermyelinn^ (Schwab, 
M.E., etal, (1993) Ann. Rev. Neurosci., 16, 565-595). Therefore, in the cases when axons areableto 
extend onmyelin, signaling throughinto an important role in stimulating, or 

blocking the inhibition of axon growth. For example, itis known that laminin is able to stimulate rapid 
neurite growth (Kuhn, IB., ^ 

laminin is present in sufficient concentration, neurites can extend directly onmyelin substrates . These 
findings suggest the possibility thatthe stimulation of the int^rins , the receptors fOTlammin, issufficientto 
allow axon growth onmyelin. Similarly, it has been documented that when the adhesionmotecule LI is 
expressed ectopically on astrocytes, itcanparaally oveixx>me theirnm 
(Mohajeri, MR, et al, (1996) Eur. 1 Neurosci 1085-1097). Therefore, neurons can, under 
appropriate conditions, grow axons on inhibitory substrates, suggesting that the balance of positive to 
negative growth cues is a critical determinant for the success or failure of axon regrowth after injury. 

Growth inhibitory proteins typically cause growth cone collapse, a process that causes dramatic 
reairangemenistothegrowthcOT^ Science 259, 80-83: Fan. 

J.,tffl/.,(1993) J. CellBiol m, 867-878; Li, M,etal., (1996) I Neurosci. Res. 46,404-414). One 
family of proteins thath^ 

GTPases of the Rho family (Hall, A. (1 996) Ann. Rev. CellBiol 10,31-54). In non-neuranal cells it 
has been clearly documented that mutations in Rho family members that include Rho, Rac and cdc42, 
affect adhesion, actin polymerization, and the formation of lamellipodia and filopodia, which are all process 
impGrtanttomot% andHall, A.R. (1995) Ce//8L 53-62.). Thereis nowgoodevidence 

that members of the Rho family regulate axon ou tgr o w th in development Mutations inRho-relaied family 
members blocktheextensicmof axons mDr^ GenesDev. 8, 1787-1802) 

anddisruptaxonaipat^ Ce//90, 883-894.). Morerecently 

it has been shown that the guidancemolecule collapsm acts through a Rat -dependent merfianigr^ (Jm? 
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andStrittmatter, S.M. (1997) J. NeuroscL 17, 6256-6263). In transgenic micethateixpress constitutively 
active Rac in Purkroje cells, there are alterations in the development of axon terminals and dendritic 
arborizations (Luo,L., etal,(\996)NatureW, 837-840.). Consistentwiththe observations mvrvo, 
itwasfoimdthatdomniantneganveRac 
5 toNGF(Hutchens,JA, etal.,(\99T)Molec. Biol Cell 8, 481-500.). Also, treatment of PC12 cells 
whtlysophosphatidicacid, amitogenic phospholipid, causesneuriteretracticm that is mediated by Rho 
iXigfl,G.,etal.,(199^J.Newvchem.66 J 537-548.). Therefore, a^erentmembersoftheRho family 
can exert distinct effects onneurite growth, andin PC 1 2 cells the activation ofRho is correlated with 

growth conecollapse. Innon-neumnal rails, Bhnp^npateQ m mffgrin^fymHwrt signalling (T aildanna, 

10 C.,etal., (1996) 5ci'cnce27i,981-983.;Udagawa,T. andMcIntyre,B.W. (1996) J.Biol Chem. 271, 
12542-12548). ThepossibwtytbatRhomightplayarolewitb^ 

system has been studied (Jin, Z. and Strittmatter, S.M. ( 1 997) /. NeuroscL 17, 6256-6263). It was 
concluded, however, that the inhibitory effects of myelin are not mediated by Rho family membra. 

1 5 A need remains for ameans of inactivating the multiple inhibitory proteins present in myelin that prevent 
axonal regrowth after injury in the CNS. 

This backgromdMormationisprovidedforthepurpose ofmaking known information believed bythe 
applicant to be of possible relevance to the present invention No admission is necessarily intended, nor 
20 shcddbe construed, thatany of theprecedm^ constitutes prior art against thepresent invention. 



SUMMARY OF THE INVENTION 

25 

The presort invention relates to antagonists and inhibitors to members of the Rho family of protons and 
diagnostic, therapeutic, andresearchuses for each of these aspects. In particular, members of the Rho 
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family of proteins serve as atherapeutic target to fosterregrowth of injured or degenerating axons in the 
CNS. 

In accordance with the present invention, apreferred embodimentrelates to antagonists and inhibitors of 
members of the Rho family of proteins and their use as ameans ofblocking a common signalingpathway 
us ed by the divas e growth inhibitory molecules . Ihe antagonists andinklrite 
Rho andbiologically active (Rho family-inhibitory) fragments, peptides, G andbiologically active (Rho 
family-inhibitory) fragments, or small molecules such as Y-27632. 

In yet a further aspect of the pres ent invention, Rho family member proteins can be used to d&ign small 
molecules that antagonize and inhibit Rho family proteins, to block inhibition of neurite outgrowth. In 
another aspect of the pres ent invention Rho family members can be used to design antagonist agents that 
suppress die myelin growth inhibitory system. These antagonist agents can be used to promote axon 
regrowth and recovery from trauma or neurodegenerative disease. 

This invention provides for the use of Rho, orproteins related to Rhoas therapeutictargets for agents 
designed to block growth inhibition hy myelin or myelin proteins. One embodiment pertains to theuseof 
Rho antagonists that foster axon regeneration in the central nervous system. The therapeutic agent or 
antagonist can be small molecules, proteins or peptides, or any agent that binds to Rho or its family - 
members to inactivate this pathway. 

Anothff embodiment pertains to the use of the Rhoregulatory pathway as atargetforRho antagonists. 
This pathway involves theGDP/GTP exchangeproteins(GEPs). Rho has twoinierconvertible forms, 
GDP-boundinactive, and GTP-bK)undactive forms. Hie GEPs promote the exchange of nucleotides and 
thereby constitute targets for regulating the activity of Rho. 

to another embodiment GDP dissociation inhibitors (GDIs) inhibit the dissociation of GDP fromRho, and 
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thereby prevenfcthebhdingof GTP necessary fotheacdvadoaofRho, Therefore, GDIs aretargets for 
agents deregulate Rho activity. Hie GTP-bound active Rho can be convertedto the GDP-foundinactive 
form by a GTPase reaction that is facilitated by its specific GTPase activating protein (GAP). Thus, 
another embodiment pertains to the use of GAPs as targets for the regulation of Rho activity. Such 
inhibitors could block exchange of the GTP/GDP cycle of Rho activation/inactivation. 

Another embodiment pertains to the fact that Rho is foundinthe cytoplasm complexed with aGTPase 
inhbitingprotein(GDI). Tobeccmieactive,RhobmdsGTPan^ Thus, 
agents that promote Rho binding to GDI, and block Rho binding to the plasma membrane are also 
considered within the scope of this invention. 

Yet another embodimentpertains to the observation that abacterial mon-ADP ribosyltransferase, C3 
transferase, ribosylates Rho to inactivate the protein. Thus this embodimentpertains to the use of C3 
transferase to inactivate Rho and stimulate axon growth. Likewise, other bacterial toxins, such as toxins 
A and B, with related Rho-inhibitory activity are considered to be within the scope of this invention. 

Moreover, various mutations of the Rho protein cancreate dominantnegstiveRho, whichcm 
thebiologicalactivityofendogenousRhoinneurons. Thus, yet afurther embodiment of this invention 
pertains to the use of dominant negative forms of Rho, used to inactivate Rho, to foster axon growth. 

Inaccordance with another aspectoffo^ 
identify Rho fanflymemb 
steps of: 

a) cuhuring neurons on a growth permissive substrate that incorporates a growth-inhibiting amount 
of a Rho family member, and 

b) exposing the culturedneurons of step a) to a candidate Rho family member antagonist agent in an 
amount and for a period sufficient prospectively to permit growth of the neurons; 
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thereby id ffn tifyingasRhofamily antagonists the candidates of step b) vrfiich eHtitneurite outgrowth from 
the cultured neurons of step a). 

In accordance with another aspectofthepresent invention, there is prcmdedamethod^ 
5 inhibition of neuron, comprising the steps of delivering, to the nerve growth environment, aRho family 
antagonist in an amount effective to reverse said inhibition. 

In another embodiment, kinases activated by Rho, such as Rho-associated kinase, are antagonist 
candidates. Thus, compounta 
1 0 kinase activity, thereby inactivating the Rho signaling pathway, are also embodiments of this invention. 
Thus, the use other compounds within this family of compounds as described inU.S. PatentNo. 04997834 
that inhibit Rho kinase are also considered within the scope of this invention. 

In yet another embodiment, a kit is provided comprising components necessary to conduct the assay 
15 method useful to screen Rho family antagonist agents. 

Various other objects and advantages of the presentinventian will become apparent from the detailed 
description of the invention. 

20 

BRIEF DESCRIPTION OF FIGURES 
Figure 1 shows results oftreatmentwith O to sto 

A) PC 12 cells plated on MAGremainedrounded and didnot extend neurites. B) Cells plated on MAG 
25 in the presence of C3 grewneurites. QPC12 cells platedonpolylysine(PLL) substrates as apositive 
control. 
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Kgure2sbowstheroleofintegrinsmovOT^ Theanti- al integrm function 

blocking antibcxiy^AS.was used to (kermineifintegrinfimcti^ 

growth mhMonby myelin orMAG. For experiments onmyeiin substrates (A-D), cells were fluorescently 
labelled withM, andplated onniyelin (A), polytysine (B), ormyelin+l ugIanmrin(CandD). Control IgG 
5 was added to samples A-C, the 3 A3 antibody to D. Neurites do not extend onmyeiin but grow mlammin 
(Smixedlaniinin%elmsubstrates. When3A3 is added, laminin nolonger overrides growfliinbibitiaaby 
myelin. Panels (E-H) show by phase contrast cells plated on recombinant MAG (B), laminin (F), or 
reccmbinantMAGpluslaininm(G 
is needed to override growth inhibition by MAG. 

10 

Figure 3 presents the results of studies in which PC12 cells transfected with dorainantneganVeRhoextend 
short neurites on MAG substrates. Mock-transfected PC12 cells (a,c,e) or cells transfected with 
dominant-negative Pvho (b,d^ wereplatdcmlarmnin (a,b) orMAG (c-fj. MAGinhmits neurite outgrowth 
(c), but dominant negative Rho cells spread on MAG andsome cells extendshortneurites (d). Treatment 
1 5 with C3 further stimulates neurite outgrowth on MAG from both lines of cells (e,f). 

Figure 4 shows activation of Rho on MAG substrates. Activated Rho is associated with the plasma 
membrane. Todetermmetfactrvated Rho was detect^ 

neurites, cells were grown in suspension or plated on MAG or collagensubstrates. Two hours later the . 
20 plasmamembranes were purified, theproteins separatedby SDS PAGE, andthe proteins transferedto 
nitrocellulose andstainedwimPonceauS. PJioAwas detect onmeblc)ts by immmoreactivitywim 
RhoA antibody. Imrmmoreactivity was strongestwhen cells were grown in suspension or when cells were 
plated on MAG. Therefore, Rho Ais more active when cells are keptin suspension orplatedonMAG 
man when plated on growth-permissive collagen. 

25 

Figure 5 shows treatment of retinalneurons with C3 stimulates neurite growth on poly lysine and MAG 
substrates. On nMAG substrates neurite growth is inhibited (a), but after C3 treatmentretinal neurons 
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plated onnMAGsubstrates extendneurites (b). Growth ofneurites from retinal neurons plated on PL! (c) . 
Bar, 50 \im. 

Figure 6 demonstrates ADP-ribosyMon ofRho by C3 detectedinculturedcells. PC12 cells or retinal 
neurons were cultured in the presence (+) or absence of G (-) fortwo days. The cells were lysed, and 
10 \ig of protein from each sample was separatedona 1 1% acrylamidegel. The proteins were transf ercd 
tonitrocellulose,probedwidimouse anti-RhoA antibody andanti-mouse-HRP antibody, andrevealedby 
a chemiluminescent reaction (top panel). The membranes were then reprobed withrabbbit anti-Cdc42 and 
anti-rabbit alkalinejdiosphatase andrevealed withNTB/BCIP colorreaction. Treatmentof cells withC3 
resulats in anADP-nTx»yladon-mduceddecrcaseinthemo^^ of RhoA. Themobility of 6dc42 does 
not change with C3 treatment 

Figure 7 illustrates methods used to study the effect of C3 on injured opticnerve. Figure 7ashows the 
opticnervewas i^ovedfix)mthesheathpriortocrushingwithlO.Osuturw and C3 was applied 
inGelfoamand Elvax tubes (redbars) immediately following opticnerve crush (middle). Theretinal 
ganglion cell axons were detected by anterograde labeling with cholera toxin and timmunodetection of the 
cholera toxin inlongitiidinal sections of the opticnerve (bottom). Figures 7c, 7d, 7e, and7f showtieatment 
of crushed optic nerve with C3 stimulates regenerative growth of retinal ganglion cell axons, (c) 
Longitudinal 15 nmsection of abuffer-treated control optic nerveshowingthefaihireof the RGCaxons . 
to cross theinjuredregion; (d,e ) Longitudinal 1 5 junsections of two different optic nerves treated with C3 
showing antox)gradely-labeledaxons extendingpastthe crush (arrows) . Thesiteof aushis indicated with 
anowheads;(f) Higjiermagnificationview of (e) showingthe twisted growth of regenerating axons. Bar, 
1 00 fim (c,d,e) and 50 jimin f . Figure 7b shows quantitation of axon regeneration across the site oflesion. 
Reprssentationof regeneration obsovedin different animals. For each animal, themaxirmim number of 
axons observedin a single 14 fimsection was counted at different distances from the site of the crush Each 
point represents one animal, but animals with growth past 500 jim are also represented at the shorter 
distances. Large numbers of regenerating fibers (> 1 0/section) were observed to cross the lesion after C3 
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treatment compared to treatment with PBS. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention arises framthe discovery that Rho fmrilymen^ 

bymydinpoteins, andby MAG. Thus, this inventionprovides the advantage of identifying an intracellular 
target, Rho family members , for all of the multiple inhibitory proteins that must be inactivated to allow for 
growth on myelin. This invention provides antagonists of Rho family members, that permit axon 
regeneration. Themethod of this inventionprovides for inactivation ofRho family members, thereby 
stimulatingneurite growth on growth inhibitory substrates. Therefore, antagonists that inactivate Rho femily 
members in vivo allow axon regeneration in the injured or diseased CNS. 

This inventionprovides for the use of Rho, orproteins related to Rho as therapeutic targets for agents 
designedtoblockgrowthiiM^ 

Rho antagonis ts that foster axon regenerati on in the central nervous system Th e therapeutic agent or 
antagonist can be small molecules, proteins or peptides, or any agent that binds to Rho or its family 
members to inactivate this pathway. Another embodiment pertains to the use of the Rho regulatory 
pathway as atargetforRho antagonists. This pathway involves the GDP/GTP exchangeproteins(GEPs). 
Rho has two interconvertibie forms, GDP-bound inactive, and GTP-bound active forms. The GEPs 
promote the exchange of nucleotides and thereby constitute targets for regulating the activity ofRho. In 
another embodiment GDP dissociation inhibitors (GDIs) inhibitthe dissociation of GDP fromRho, and 
thereby preventthebmdmgof^ Therefore, GDIs are targets for 

agents that regulate Rho activity. The GTP-bound active Rho can be converted to the GDP-bound inactive 
fonn by a GTPase reaction that is facilitated by its spedficGTPaseactivatmgprotem (GAP). Thus, 
another embodiment pertains to theuseofGAPs astargetsfortheregulationofRho activity. Another 
embodiment pertains to the fact that Rho is found in the cytoplasm complexed with a GTPase inhibiting 
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protein (GDI). To become active, Rho binds GTP and is translocated to the membrane. Thus, agents that 
promoteRhobmding to GDI, andblockRho binding to the plasmamembrane are also considered within 
the scope of this invention. Yet another embodiment pertains to the observation that abacterial ADP 
rfcosyltransferase, C2 transferase, ribosylates Rho to inactivate the protein Tlius this embodiment pertains 
5 to the use of C3 transferase to inactivate Rho and stimulate axon growth Likewise, other bacterial toxins, 
such as toxins AandB,withrelatedRho-inhibitory activity are consid 

invention. Moreover, various mutations of theRhoprotein can create dominantnegative Rho, which can 
inteferewith&ebiological activity of endogenous Rhoinneuxons. Thus ,yet afortherembodiment ofthis 
invention pertains to the use of dominantnegative forms ofRho, usedto inactivate Rho, to foster axon 
10 growth. 

"Anbgonisf refers 

at least onebiologjcal activity normally associated withMofamilymembers,that is blocking 

die inhibition of neuron growth. Antagonists which may be us ed in accordance with die present invention 

1 5 include without limitation, one or more Rho family members fragment, a derivative ofRho family members 
or of a Rho family members fragment, an analogofRho family members or of a Rho family members 
fragment or of saidderivative, and apharmaceutical agent, and is further characterizedby the property of 
suppressing Rho family members-mediated inhibition of neurite outgrowth. Prefenred antagonists include: 
mutated forms ofRho, such as Rho wherein the effector domain, A-37, has been mutatedto prevent GTP . 

20 exchange; the ADP-ribosyl transferase C3 and biologically effective fragments that antagonis e Rho family 
members in one of the assays ofthis invention; and compounds such as Y-27632 that antagonise Rho- 
assodatedlta 

Patent No. 4,997,834). As described above, other antagonists include GDP dissociation inhibitors 
(GDIs),suchas Rho GDP-diss ociation inhibitor 1 (RhoGDI fromHomo sapiens) inhibitthe dissociation 
25 of GDP fromRho, and thereby preventthebinding of GTP necessary for theactivationofRho (see, for 
example, Takahashi, K., J. Biol. Chem., (1997), 272:23371-5; Gosser, Y.Q., et al., Nature (1997) 
387:814; Adra, et al., (1997) Proc. Nad. Acad. ScL, 94:4279-4284. 
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TteantagpnistofRhofapilymmite 

members orits derivatives, but also includes the therapeutic application of all agents, referredherein as 
pharmaceutical agents, which alter the biologic 
inhibition of neurons or their axon is suppressed 

The torn "effective amounf ' or "growti^^ amount" refers to the amount of pharmaceutical agent 
requiredtoproduceadesiredart Hie precise 

effective amountwiU vary with thenar agentused andmay be detemrinedby one or 

ordinary skill in the ait with only routine experimentation. 

As used herein, the Rho family of proteins comprises, but is not limited to rho, rac, cdc42 and their 
isotypes, suchasRhoA, RhoB, RhoC, as well as Rho-associatedkinase that are expressedin neural tissue. 
Othermembers of the Rho family that are detenninedandwhoseinhibition of activity allows forneurite 
outgrowth are comtemplated to be part of this invention. (See, for example, Katoh, H., et aL, J. Biol. 
Chem, 273:2489-2492, 1998; van Leeuwen, F., ctal, J. CellBiol., 139:797-807, 1997; Matsui etal., 
EMBOJ. 15:2208-2216, 1996; AmanoetaL, Science, 275:^ 
404:118-124). 

Asusedherein,theterms "Rho fend . 
beingofeitherbiochcmic^orbiophysicalna Thefollowinglistisprovid^ 
discloses some of the known activities associated with contact-mediated growth inhibition of neurite 
outgrowth, adhesion to neuronal cells, andpromotion of neurite out growth fromnew bom dorsal root 
ganglion neurons. 

Asusedherein,tiietenn ,l biologically active", aieferencetothebidogi^ 
or, or polypeptide fragment thereof,itfostoapolypepti^^ 

characteristics exhibitedby Rho family members orits receptois describedheran. In one embodiment, 
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biologically activeproteins are those that demonstrate inhibitory growth activities central nervous system 
neurons. Such activity may be assayed by any method known to those of skill in the art 

ThetermC3 refetoC3 ADP-ribosyltransfenae, aspecificRhoinactivator. Apreferredrepraentative 
example is G ADP-ribosyltransferase, a 23 KDa exoenzyme secreted from certain strains of types Cand 
D fixmClostridiumbotulinum, which specifically ADP-ribosylates theiho family oftheseGTP-binding 
proteins. This ADP-ribosylation occurs at a specific asparagine residue in their putative effector domain, 
andpresumably interferes with their interaction with aputative effectormolecdedownstreaminsignal 
transduction. Numerous references describing thesecompounds can be foundin Methods in Enzymology, 
Vol 256, Part B, Eds.: W.E. Balch, C.H. Der, and A. Hall; AcademicPress,1995,foreg.PgsM96.206, 
207 et seq, 184-189, and 174 et seq.. 

Based on the present evidence that Rho family members can aff e ct growth inhibitory protein signals in 
myelin, themeans existto identify agents andtherapies 

growth. Further, one can exploit the growth inhibiting prop^ties ofRho family members, or Rho family 
members agonists, to suppress undesired nerve growth. Without the critical finding that Rho family 
members has growth inhibitory properties, these strategies would not be developed 

Rho Family Member Antagonists and Assay Methods to Identify Rho family members . 
Antagonists 

Inoneembodiment,Rhofkiilymerab^ HieGTP/GDP 
cycle of Rho family members activation/inactivation is regulated by a number of exchange factors. 
Compounds that block exchange, thereby inactivating Rho family members are preferred embodiments of 
this invention. 

In another embodiment suitable Rho family member antagonist candidates are developed comprising 
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fragments, analogs andderivatives ofRho femflymonbers. Sequences forRhofemifymembeB arcknown, 
suchasthosedesoibed: Chardin,P.,etal., (1988) Nucleic Acids Research, 16:2717; Yeramian,etal., 
(1987)NucieicAcidsResearch,15: 1869). Such candidates may mterferewithRhofmify 
mediated growth inhibition as competitive butnon-fo^ Rhofenriiymembas. 

5 From the amino acid sequence of Rho family members and from the clonedDNA coding for it, it will be 
appreciated that Rho family members fragments can be produced either by peptide synthesis or by 
recambinantDNA expression of either atnmcated domain ofRho family members, or of intact Rho family 
members couldbe prepared using standard recombinant procedures , that can thai be digested enzymicalty 
in either arandom or a site-selective maimer. Analogs ofRho family members or Rho family members 

10 fragments can be generated also by recombinant DNA techniques or by peptide synthesis, and will 
incorporate one ormore, e.g. U5,I^orI)-aminoacidsubstitutions. Daivatives ofRho family members, 
Rho family members fragments and Rho family members analogs canbegeneraledby chemical reaction 
of theparent substance to incorporate the desired derivatizing group, such as N-terminal, C-terminal and 
intra-residue modifying groups that havetheefifeaofmaskingorstabilizingthesubstanceor 

15 acids within it 

Inspecific embodiments ofthe invention, candidate Rho family member antagonists include those that are 
derivedfromadeteniiinationof the functionally activeregion(s) of aRho family member. Antibodies ca 
be prepared using techniques known in the against epitopes in Rho family members, whi(^ when fcwnd 

20 tobefunction-blockingin in vitro assays, canbeusedtomap theactiveregions of thepolypeptideashas 
beenreportedforotherproteins(forexample,seeFahri etai, (1993) Europ.J.Neuroscl, 5, 1118- 
1126;Tropak,efa/.,(1994) J.Neurochem.,61, 854-862). Thus,itcanbedetenninedwhichregions 
ofRho family members GTPases recognized by substrate molecules that are involvedininhMmofneurte 
outgrowth. When those are known, synthetic peptides can be prepared to be assayed as candidate 

25 antagonists of the Rho family members effect Derivatives ofthese canbe prepared, includingtiiosewith 
selected amino acid substitutions to provide desirable properties to enhance their effectiveness as 
antagonists of the Rho family members candidate functionalregions of Rho family members can also be 
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detanrinedby thepreparation of altered forms of the Rho family members domains using recombinant 
DNA technologies to producedeletionOTinsedm 

chimericproteins. All of the above forms of Rho family members, andforms that may be generatedby 

technologies not limited to the above, can be testedforthepresenceoffimctionalregiom 

suppress neurite outgrowth, and can be used to design and prepare peptides to serve as antagonists. 

In accordance with an aspect of the invention, the Rho family member antagonist is formulated as a 
pharmaceutical composition which contains the Rho family member antagonist in an amount effective to 
suppress Rho family member-mediated inhibition of nerve growth, in combination with a suitable 
pharmaceutical earner. Such compositions are useful, in accordance with another aspeaofthSmvention, 
to suppress Rho family member-infold diagnosed with a variety of neurological 

disorder, conditions and ailments of thePNS andtheCNS where treatment to increaseneurite extension, 
growth, or regeneration is desired, e. g., in patients with nervous system damage. Patients suffering from 
traumatic disorders (including but not limited to spinal cord inj uries, spinal cord lesions, surgical nerve 
lesions or other CNS pathway lesions) damage secondary to infarction, infection, exposure to toxic agents, 
malignancy, paraneoplastic syndromes, orpatients with various types of degenerative disorders of the 
central nervous system can be treated with such Rho family members antagonists. Examples of such 
disorieremcludebutarenotlmt^^ Down's syndrome, Creufc&ldt-Jacob 

disease, kuru, Gerstman-Straussler syndrome, scrapie, ti^missftlemink encephalopathy, Huntington's 
disease, Riley-Day familial dysautonomia, multiple system atrophy, amy lotrophic lateral sclerosis or Lou 
Gehrig's disease, progressive supranuclear palsy, Parkinson's disease and the like. The Rho family 
members antagonists may be used to promote the regeneration of CNS pathways, fiber systems andtracts. 
Inaparticular embodiment ofthe invention, the Rho famUy members antagonist is usedto promote 4^ 
regeneration of nerve fibers over long distances following spinal cord damage. 

In another embodiment, the invention provides an assay method adapted to identify Rho family member 
antagonists, that is agents that block or suppress the growth-inhibiting action of Rho family members. In 
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its most convenient form, the assay is a tissue culture assay that measures neurite out-growth as a 
convenient end-point, and accordingly uses nerve cells that extend neurites when grown on apermissive 
substrate. Nave cells suitableinthis regardinclude neuroblastomacells of theNG108 lineage, suchas 
NG1 08- 1 5, as well as other neuronal cell lines such as PC12 cells (American Type Culture Collection, 
12301 Parldawn Drive, Rockville, MD 20852 USA, ATCC Accession No. CRL 1721), human 
neuroblastomacells, andprimary cultures of CNS orPNSneuronstakenfromembiy^^ 
adult animals. The nerve cells, for instance about 10 3 cells-microwell or equivalent, are cultured on a 
growth pemrissivesubstrate, such aspolylysheorlaminin,thatis overJayedwithagrowth-inhlritiiig 
anKnmtofRhofemilymembos. TheRho family members incorpora^ 
extracted Rho family members, although forms ofRho family members other than endogenous forms can 
be usedprovided they exhibit the Rho family members property ofinhibitingneuron growth when added 
to a substrate that is otherwise growth permissive. 

In this assay, candidate Rho family member antagonists, i e. , compounds that block the growth-inhibiting 

effectofRhofemilymembers, are addedto the Rho family member^xmtaining tissue culture preferably in 

amouni sufficient to neutralize theRho family manbergrawth-inh^ and 15 

/xg of Rhofemflymembeis antagonist perweU containing 

for24hr. in Dulbecco's minimal essential medium Afterculturingforaperiod suffix 

outgrowth, e.g. 3-7 days, the culture is evaluated for neurite outgrowth, and antagonists are thereby . 

revealedas those candidates which elicitneuhte outgrowth. Desirably, candidates selectedas Rho family 

member antagonists arethose which ehrit neurite outgrowth to astatis^ 

least 50%, more desirably at least 60%, e.g. 70%, per 1,000 cultured neurons. 

Otherassayteststhatcouldbeusedin^ 1) The growth cone collapse 

assay thatis used to assess growthinhl)itory activity of collar 

(1990) Neuron, 2, 21-29; Luo, L, et al, (1993) Cell 75, 217-227) and of various other inhibitory 
molecdes(Igarashi,M..,eta/^ 
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culture medium and a loss of elaborate growth cone morphology is scored. 2) The use of patterned 
substrates to assess substrate preference (Walter, J. et al> (1987) Development 101, 909-913; Stahl, 
etaL, (1990) Neuron 5,735-743) or avoidance of test substrates (Ethell,D.W,. efa/.,(1993) Dev. 
BrainRes. 72,1-8). 3) Theexpressionofrecombinantprotemsonahetero 

5 transf ected cells are us ed in co-culture experiments. The ability of the neurons to extendneuritesonthe 
transferees is assessed(Mul^ 4) Theuseofsecdans 

of tissue, such as sections ofCNS white matter, to assess molecules that may modulate growth inhibition 
(Carbonetto, S., et aL, (1987) I Neuroscience 7, 610-620; Savlo, T. and Schwab, MR, (1989) J. 
Neurosci., 9:1126-1133). 5) Neurite retraction assays whereby test substrates are applied to 

10 differentiatedneural cells for their ability to induce or inhibitthe retraction of previously extendbdneurites 
(Jalnink, etal y (1994) /. Cell Bio. 126, 801-810; Sudan, H.S.,jtaL (1992) Neuron 8, 363-375; 
Smalheiser,N.,(1993) J. Neurochem.6L 340-342). 6) Therepulsionofcell-cellinteractionsbycell 
aggregation assays (Kelm, S., et a/., (1994) Current Biology 4, 965-972; Brady-Kainay, S., et a/., 
(1993) J. CellBiol. 4,961-972). 7) The use of nitrocellulose to prepare substrates for growthassays 

1 5 to assess the ability of neural cells to extendneurites on the test substrate (Laganeur, C. andLemmon, V., 
(1987) PNAS 8£ 7753-7757; Dou, C-L and Levine, J.M, (1994) J. Neuroscience 14, 7616-7628), 

Diagnostic, Therapeutic and Research Uses for Rho Family Member Antagonists 

20 Rho fan%member antagonists haveuses in diagnostics. Suchmolecules canbeused in assays to detect, 
prognose, diagnose, or monitor various conditions, diseases, and disorders affecting neurite growth 
extension, invasiveness, aadregeneration Altemativdy,iheRhofamty 

to monitor therapies for diseases and craditions whi^ultimatdyresdt innerve damage; such diseases and 
conditions include but are not limited to CNS trauma, (e.g. spinal cordinjuries) , infarction, infection, 
25 malignancy, exposure to toxic agents, nutritional deficiency, paraneoplastic syndromes, anddegenerative 
nerve diseases (indurimgbutnot limited to Alzheimer's disease, Parkinson's disease, Huntington's Chorea, 
amyotrophic lateral sclerosis, progressive supra-nuclear palsy, and other dementias). In a specific 
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embodiment, such molecules may be used to detect an increas e in neurite outgrowth as an indicator of CNS 
fiberregeneration. For example, inspecific embodiments, alteredlevels ofRho family membas activity 
in apatient sample containing CNS myelin can be adiagnosticmarker for the presence of amalignancy, 
including but not limited to glioblastoma, neuroblastoma, andmelanoma, or a condition involvingnerve 
5 growth, invasiveness, or regeneration in a patient. 

Useful fornerve growth suppression are pharmaceutical compositions that contain, in an amount effective 
to suppress nerve growth, Rho family member antagonist in combination with an acceptable carrier. 
Candidate Rhofknilymembers antagonists include fragments ofRho family members that incorporate the 
10 ectodomain, including die ectodomainperseandotherN- and/or C^emsinally truncated fragnritaits ofRho 
family members orthe ectodomain, as well as analogs thereof in which amino acids, e.g. from 1 to 10 
residues, are substituted, particularly conservatively, and derivatives ofRho family members or Rho family 
members fragments in which theN- and/or C-terminal residues are derivatizedby chemicalstabiliang 
groups. 

15 

In a preferred embodiment, mutated forms ofRho family members areused as antagonists. One key 
exampleisRhowithamutatedeffectordom^ Variousother 
mutations of the Rho protein that create dominate negative Rho which can interfere with the biological 
activity of endogenous Rho inneurons arc consideredas antagonists within the scope of this invention to . 
20 inactivate Rho, thereby fostering growth of neurons. 

hanotherpreferredembodimentGDP 

from Rho, and thereby prevent the binding of GTP necessary for the activation ofRho are used as 
antagonists. 

25 

Inyet anotherprefened embodiment, GTPase activating protein (GAP) which facilitates the conversion 
of the GTP-bound active Rho to the ODP-boundinactivefonnfonns the target for regulation ofRho 
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activity. Hms, compounds that activate GAP, thereby facilitating the conversion of active Rho into inactive 
Rho would be candidates for promoting neuronal growth 

fastffl another prefend 

5 decreasing the activity ofRho are also consideredRho antagonists of this invention. In this case, thetarget 
design is basedontheknowledge that Rho is 

protein(GDI). To become active, Rho binds GTP and is translocated to the membrane. Thus, agents that 

promoteGDIactivityandblockRhobindingto 

serving as Rho antagonists that would permit neuron growth. 

10 

In specific embodiments of the invention, candidate Rho family members antagonists include specific regions 
oftheRho family members molecule, and analogs or derivatives of these. These canbeidentifiedby using 
the same technologies described above foridentifiwtionofRhofainilymembers regions thatserveas 
inhibitors of neurite outgrowth. 

15 

TheRho family members related derivatives, analogs, andfragraents of thehvention canbeproducedby 
various methods known in the ait Hie manipulations which result in their production can occur at the geie 
or proteinlevel. For example, Rho family members-encoding DNA canbemodifiedby any of numerous 
strategies known in the ait (Maniatis e/a/.,Molecdaraanii^ 
20 Laboratory, ColdSpringHarbor^.Y., 1982),suchasby cleavageatappropriatesites withrestriction 
endonuclease(s), subjected to enzymatic modifications if desired, isolated, and ligated in-vitro. 

Additionally, the Rho family members-encoding gene can be mutated w-vi/roor^vrw for instance in 
the manner applied for production of the ectodomain, to create and/or destroy translation, initiation, and/or 
25 termination sequences, or to create variations in coding regions and/or formnew restriction endonuclease 
sites ordestroypreexistmgQnes, to fkflkate further ^ Any techniqae formutagenesis 

known in the art cabbe used, including butnot limited to, in-vitro site directedmutagenesis (Hutchinson, 
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et c/., (1978) I Biol Chem. 253, 6551), use of TAB™ linkers (Phannacia), etc. 

For delivery ofRho family members antagonists, various known delivery systems canbe used, such as 
encapsulation in liposomes or semipermeable membranes, expression in suitably transformed or transfixtion 

5 glial cells, oligodendroglial cells , fibroblasts, etc. according to the procedureknown to those skilledin the 
areflindvall, etd, (1994) Curr. OpinionNeurobiol^lSl-lSl). linkagetohgandssuchasanlM 
canbeusedtotargetdeUverytomyelmm^ tn-wvo. Methodsof 

introduction include, but arenotlimited to, intradermal, intramuscular, intraperitoneal, intravenous, 
subcutaneous, oral, and intranasal mutes, andtransfusian into ventricles or a site of operation (e.g. for spinal 

10 cordlesions) ortumorremoval. Likewise, cells secreting Rho family members antagonistactivity,for 
example, and not by way oflimitatioiL, hybridoma cells encapsulatedinasuitable biological membranemay 
be implanted in a patient so as to provide a continuous source of Rho family members inhibitor. 

Therapeutic Uses of Rho family Antagonists 

15 

In an embodiment, antagonists, derivatives, analogs, inhibitors ofRho family members can be used in 
regimens where anincreaseinneurite extension, growth, or regeneration is desired, e.g., inpatients with 
nervous system damage. Patiaits suffering from traumatic dis orders (including but not limited to spinal cord 
injuries, spinal cordlesions, or other CNS pathway lesions), surgical nave lesions, damagesecandaryto . 
20 infarction, infection, exposure to toxicagents, malignancy, paraneoplasticsyndrames, orpatients with 
various types of degenerative disorders of the central nervous system can be treated with such inhibitory 
protein antagonists. Examples of such disorders include but are not limited to Alzheimer's Disease, 
Paririnsons'Disease, Huntington's Cho^ 

and other dementias. Such antagonists may be used to promote the regeneration of CNS pathways, fiber 
25 systems and tracts. Administration of antibodies directed to an epitope of, (or the binding portion thereof, 
or cells secreting such as antibodies) can also be used to inhibitRho family members protein function in 
patients, hi aparticular embodiment of the invention, antibodies directed to Rho family members maybe 
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used to promote the regeneration of nerve fibers over long distances following spinal cord damage. 

Various delivery systems are known and can be us ed for delivery of antagonists or inhibitors ofRho family 
members andrelatedmolecules, e.g., mcspsulation in liposomes orsemipenneablemembranes, expression 
5 by bacteria, etc. Linkage to ligands such as antibodies can be used to target myelin associated 
protein-relatedmolecules to therapeutically desirablesites in vivo. Methods of introduction include but are 
not limitedto intradermal, intramuscular, intraperitoneal, intravenous, subcutaneous, oral, andintranasal 
routes, and infusion into ventricles or a site of operation (e.g. for spinal cord lesions) or tumor removal. 

1 0 In addition, any method which results in decreased synthesis of Rho family members ma? be used to 
diminish their biological function. For example, and not by way oflimitation, agents toxic to the cells which 
synthesize Rho family members and/orits receptors (e.g. ohgoden<frocytes)maybeusedtodecreasethe 
concentration of inhibitory proteins to promote regeneration of neurons. 

15 EXAMPLES 

EXAMPLE 1 

This example demonstrates in vitro evidence that Rho family members are responsible for regulating the . 
20 neuronal response to MAG. In particular, this demonstrates that the small GTPase Rho regulates the 
responsetoMAG. PC12 cells were plated onpolylysine(PLL), laminin, or MAG substrates and exposed 
toNGFtostimulateneuritegrowtL PC12celMffCTentiatedneurite 
on MAG substrates the cells remained rounded and did not grow neurites. 

25 The addition of the ADP-nTx>sy^ 
RhoWymembersw^ 

Chem. TVL 12542-12548), allowed the cells to extendneurites on MAG substrates. In addition this 
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example demonstrates neurite growth from P C 1 2 cells transfectedwith adominantnegativeN19RhQA 
constmct On laminin and PLL substrates the N 1 9 RhoA PC 1 2 cells grew neurites that were longerthan 
the mock-transfected controls. Moreover, N19 RhoA PC12 cells were able to extendneurites when 
plated on MAGsubstrates. Therefore, the inactivation ofRho stimulates neurite outgrowth and allows 
nwrntecxteosimcmMAGsubstrates. Thes e results implicate Rho in signaling growth inhibition by MAG 

Cell Culture 

We obtained PCI 2 cells from three different sources: fromDr. Phil Baiker (Montreal Neurological 
Institute); from the ATCC (obtained from W. Mushinsky, McGill), andfromGaborTigyi, (University of 
Tennessee) andwe found that all lines of cells were inhibitedby bothmyelin andMAG. PC 12 cells were 
grown in Dulbecco's modified eagle's medium (DMEM) with 1 0 % horse serum and 5 % fetalbovine 
serum. PC 1 2 cells stably transfectedwith constitutively active and dominant negative RhoA constructs 
werekindlypiovidedbyDr.G.Tigyi^ 

included amocktransfected cell line, aconstitutively active RhoA (V14GRhoA) cefl line, andadominaut 
negative RhoA(Nl 9TRhoA) cell line. TransfectedPC12 cell lines weremaintainedm the growramedium 
containing 400 mg/LG418. For cell differentiation experiments, cells were plated on appropriate 
substrates in DMEM with 1 %fetalbovineserumand 1 00 ng/ml nerve growth factor. For experiments on 
rakedsubstrata(laminin/MAGo 

inthepresence or theabsenceof 50ng/ml of an irrelevant antibody or of apurifiedfunctionblocking 
anubody(clone3A3)against&erat^ 

experiments were donein96-well plates induplicate.andeachexperimentwas repeatedaminimumof 
three times. 

To culture cerebellar granule cells, 3 - 4 rats from P3 to P7 were decapitated The cerebellum was 
removed and placed in MEM-HEPES where underlying tissue and the meninges was removed. The 
cerebellumwas cutintosmallpieces andtreatedwithO. 125%trypsininMEM-HEPESfor20'at37 0 C. 
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ThetissuewasthentritiQ^ The 
cells were spun down at 1500 ipmfor 10', andthepeUetwasresuspendedinMEM-HEPESwith2mM 
EDTA. TheceUsuspensionwasplacedcmaniscn^ 

centrifagedfor IS at2300ipra, and the interface between the 60% and35% percollwas collected Cells 
5 were washed once, andresuspendedin DMEM with 10% FBS, vitamins, andpenidDin/streptomydnin 
the presence or absence of 20 ng/mlC3 transferase. CeUswereplacedh4^hamber,chamberslid« 
coated withpoly-l^ysine or laminin andtreated with spots ofMAG orniy elk 200,000 cells per chamber 
were plated 

10 Preparation of growth substrates 

Poly-l-lysine was obtained from Sigma (St Louis, Mo). Laminin was prepared from EHS tumors 
(PaulssonandLindblom(l 994). Cell biology: A laboratoiy handbook, AcademicPress, pp589-594) and 
collagen fromrattails (Greene, etal, ( 1987) MetkEnzymology 147,207-216). Myelin wasmadefram 
1 5 bovine brain corpus callosum, and native MAG was purified from myelin after extraction in 1% 
octylglucosideandseparationby ion exc^ge chromatography (Mc^^ efa/.,(1994) Neuron 
13,805-81 1). This native MAGhassome additional proteins, including sometenascin(Xiao,Z., etal., 
(1997) Neurosci. Abstr. 23, 1994). Recombinant MAG was made in baculovirus as described 
(McKenacher, L, et al, (1994) Neuron 13, 805-81 1). 

20 

Test substrate were prepared as unif onn substrates in96-well plates or 4-chambered slides, or as spots 
on 18 mm glass coverslips. First, poly-L-lysine was coated by incubation of 100 jig/ml for3 hours at 
37°C,andthewellsorcoverslipswerewashedwithwateranddried Lamininsubstrateswerepq)a^ 
byincubating25 ^ml laminin on pdy-L-lysine coaled dishes for 3 hours at37°C. SolidMAGormyeiin 
25 substrates were preparedby drying downMAGo 

3houisonpolylysinecoaledsubstrate^ 14 figofeitherrecombinantMAG(rMAG) 

or of native MAGperwdl was usedF^^ 
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proteins and 10 ^oflaminmwCTedrie^ For4- 
chamberdchamberslides,40^g^^ 

wasdrieddown. Spots ofMAGoncoverelips weregeneratedbyplatingof2mg/mlrecari 
on polylysine for 3-4 hours in ahumid chamber at37°C. Collagen substrates weremadeby incubating 
5 10-15 jig/fad of rat tail collagen for 3 hours at 37°C 

Immunocyto chemistry 

PC 12 cells were visualized by phase contrast microscopy, or following labelling with the lipophilic 
10 fiuorescaitdye,DiI(McKerracher, L., et al, (1994) NeuronQ 805-81 1). Granule cells were visualized 

by immunocTtochemistry. Following 12-24 hours in culture, cells were fixedfbr 30' atroamtempentare 

in4%parafonnaldehyde,0.5 o /oglutaraldehyde,0.1 Mphosphatebuffer. Following fixation, cells were 

washed3X5' with PBS andthen blocked fori houratioomtemperaturein3 0 /oBSA,0.1 0 /oTritQQ-X 

1(X). GrmuleceUcultureswercincubatd 
1 5 to label MAGspots. The MAG antibody was detected using anFITC conjugated secondary antibody. 

WiodamineconjugatediAaUoidin was diluted l:200withthesecondaiy anubo^ 

filaments. 

C3 transferase preparation and use 

20 

TheplasmidpGEX2T-Q coding forthe GST-C3 fusion proteinwas obtained from A. Hall (London). 
RerombinantC3 was purified as desm 

1 84). After fusion protein cleavage by thrombin, thrombin was removed by incubating the proteinsdutim 
1 hour on ice with 1 00 fil of p-aminobenzamidine agarose-beads (Sigma). The C3 solution was desalted 
25 on PD 1 0 column (Pharmacia) with PBS, and sterilized through a 0.22 |im filter. The C3 concaitrationwas 
evaluatedby Lowry assay (DCprotemassay,Bio-Rad) andtarinpurity was controlledby SDS-PAGB 
analysis. 
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Totestmeeffa*ofC3cmmeoutgrowthon PC12 cells, Gtransferascwasscrapeloadedintothecells 
before plating on appropriate substrates. Cells were grown to confluencemserumcontainingmediain 6 
well plates. Cellswerewashedoncewithsaapingbuffer(114mMKCl, lSmMNaCU.SmMMgClj, 
lOmMTris-HCl). Cells werethenscrapedwith arubberpolicemaninto 0.5 im" soaping bufferinthe 
5 presence or absence of 20 ug/ml C3 transferase. The cells were pelleted, and resuspended in 2 ml 
DMEM, l%FBS > and50ngtelnervegrowthfactorbeforeplating. 10 ng/mlDwasaddedtoscrape 
loaded cells. Cells were differentiated for 48 hours then fixed in 4 % paraformaldehyde, 0.5 % 
glutaraldehyde, 0.1 M P0 4 buffer. 

1 0 Membrane Translocation Assay for Rho A 

PC12cellswerecollectedandresuspendedinDMEM ) 0.1%BSA > 50ng/mlNGF,thenplatedon 100 
mm dishes coated with collagen or MAG, or left in suspension. Two hours later, cells were washedwith 
ice cold PBS + protease inhibitors (1 ug/ml aprotinin, 1 ug/ml leupeptin, 1 ng/ml antipain, 1 ug/ml 
15 pepstatin). Cellsweremenscrapedinto5mlPBS+proteaseinm^iton,andmeceUswerepelleteda^ 
washedwimPBS+proteaseiimmito^ 

aglass-teflonhomogenizCT, the homogenate cxntrifugedfor 20min at 8,000rpm, and the cell debris inthe 
pellet was discarded. The supernatant was centrifugedfor 1 hour at 1 00,000 xg to separate membrane 
and cytosolic fractions. Membrane pellets were washed 1 X with PBS + protease inhibitors and 
20 resuspendedinPBSwim0.5%SDS,and 50-100 ugofmembraneproteinwasanalyzedbySDS-PAGE 
on 12%gels. Gels were transferred to Protrannitrocellul^^ 

Blotswereblockedfor 1 hourin 5%sldmmilkinTBS, andpn±edovenughtwimRhoAanal»dy diluted 
1:200 in 1.5% skim milk in TBS. RhoAantibody was detected by using an alkaline phosphatase 
conjugated secondary antibody and an alkaline phosphatase detection kit (Gibco-BRL). 

25 

Growth inhibition of PC12 cells and its modulation by NGF and lanunin 
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PC12 cells typically extendneurites mresponsetoNGF,butwhenplatedonmyelin substrates thecells 
remainromdanddonotextendneurites(Moskcw NeurosclRes. 34, 129-134.) 

(Fig. 2). MAG is apotentinhibitor of axon growthpresentin myelin. We observed thatPC12 cells plated 
on substrates ofMAGalsoremainedrounded(Fig. 1), afindingincontrastto areportthatPCl2cellsare 
not responsive to MAG(Bartsch, U., ei al., (1995) Neuron 15, 1375-1381). To further examinethe 
response of PC12 cells to MAG, we plated three different lines of PC12 cells on both native and 
recombinantMAGsubstrates inthepresenceofNGF. All oflhe lines ofPC12 cells showedreducedcell 
spreading, and most cells remained rounded withoutneurites. However, with increasing time, someneurites 
were able to extend onMAGsubstrates (see below). We also observed that different preparations of 
MAGcandiffCTmthrirpotencytoinMbitneu 
upon freeze-thaw. 

Laminm is known tooverridecompletety^ 

(1995)7. NeurosclRes. 42, 594-602). Similarly, wefoundthatPC12cells are able to extendneurites 
onmixedmyelin andlamininsubstrates or onraixedlaminin/MAGsubstrates(Fig.2).Todetermineif 
signallingthroughintegrins is responsible for overriding growmmhibition by myelin, weusedmemtegrin 
functionblxking antibody 3A3 raised against the al subunit extracellular domain. Previous studies have 
documented thatalBl ktegrtoismedominantinlegrm antibody 
blocks PC12 cell neurite growth on laminin (Tomaselli, KJ., et al, (1990) Neuron 5, 651-662). We. 
platedPC12 cells onmixedmyelhandlaniinmsubstrates.h^ antibody, or with a 

non-specific IgG antibody as acontrol. The 3A3antibc>dyblockedneuriteextensiononbomandlaminm 
andmemixedmyelin/lamininsubstrates (Fig. 2). OnMAGoronmyelinsubstrates thecells remained 
rounded. The observation that the 3A3 antibody restores growth inhibition on mixed substrates 
demonstrates that laminin does not ovemtegrowminkTritimbymaslringfe 
but that signals elicited through integrins receptors are responsible. 

Effect of C3 Transferase on PC12 cells 
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Tomvestigaiepos^ 

focusedonthesmall GTPaseRhowhich is known to play arole in convergent signalling pathw^^ 
affectmorphologyandmot%(^ Rev. CellBioL 10,31-54). WeinactivatedRho 

inPC12 cells by scrape loading them with the bacterial toxin C3 before plating the cells on the test 
substrates. C3 is known to inactivate Rho through ADPribosylation(Udagawa, T. andMcIntyre, B.W. 
(1996)7. Biol Ghent TIL 12542-12548). Oncontrolsubstrateso^ 

C3 potentiated both the number of cells withneurites andfhelengthof neurites fromcells (Fig.3). On MAG 
andmyelinsubstrates whereneurite formationis inhibited, C3 has a dramatic effect cm theabflitytoextend 
neurites(Fig3).mentreatedwithG,abouthalfo^ 

hadneurites of approximately 1 cell body diameter. In contrast, the untreated cells remained rounded and 
clumped. Similarly, PC12 cells platdonmyelinremainedrounded, butthe addition of C3 allowedneurites 
to extend directly on themyelin substrate. These results demonstrate that C3 treatment elicits neurite 
growth from PC 12 cells plated on growth inhibitory myelin or MAG substrates. 



Growth of dominant-negative Rho-transfected cells on MAG substrates 



PC 12 cells transfectedwith constitutively active RhoA(V14GRhoA), andPC12 cells transfectedwith 
dominantnegativeRhQA(N19TRhQA), andthemock-transfectedcells, wereexaminedfortheir ability . 
toextendneurites ondifferenttestsubstrates. Cells with the constitutively active mutation, V 1 4GRhoA 
cells, differentiated poorly on all substrates, including poly-L-lysine andlaminin. Thetreatmentof the 
V14GRhoA cells with C3 aUowedthegrowthofsomeshortneurites 
MAG. 

In the s ame series of experiments the response of dominantnegativeRho-transfectedcells^^TRhQA 
cells, to MAG and myelin substrates was examined. WhenN19TRhoA cells were plated an MAG 
substrates, they spread and did not remain rounded as didthe mock transfected PC 1 2 cells. A small 
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number of cells had short neurites, an effect that was observed on both the rMAG and native MAG 
substrates (Fig.3). 

C3 treatment of mock transfected andN 1 9TRhoA cells had a dramatic effect of neurite outgrowth as most 
celIshadextensiveneurites(Fig.3). TheeffectofOonN19TRhoAcellsw 
the effectonthemodctransfected cells. Therefore, the combination of G treatment andtransfectionof 
dominantnegativeRhoeUritedex^ fromPC12cdlsplatedoninhi^^ 
(and myelin) substrates. 

Efifect of C3 on Primary Cells 

To test the involvement of Rho in the response of primary neurons to MAG and to myelin substrates, 
cerebellar granuleneurons wereplated on test substrates andtreatedwith C3. Neurite outgrowth from 
thesecellswaslmowntobeinhT)itedbyMAG(Li,M., etal, (1996)7. NeuroscLRes. 46, 404-414) and 
the C3 stimulated growth of neurites from the granule cells on both permissive and inhibitory substrates. 

The growth substrate influences the cellular location of Rho 

Rhoisassodatedwiththeplasmamembranewhenitisinan . 
fraction whenit is inthe GDP-boundinactivestate. To determine ifthe growth substrate influences the 
cellular localization ofRho, cells were either left in suspension orplatedonMAGorcollagensuhstrates, 
andpreparedmanbranesfromtiie cells two hours later. Itwas shown that Rho was pimdpaUy locals 
mthecytosoUcfhchon when cells wereplatedoncollagen, agrowthpennissive substrate. However, Rho 
was associated with the plasma membrane when cells where grown in suspension and when cells were 
plated on MAG (Fig. 4). 

EXAMPLE H: IN VIVO DEMONSTRATIONS 
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1. Effect of C3 on cultured retinal neurons 

To testthe involvement of Rho in theresponse of primary neurons to MAG andto myelin substrates, we 
purified retinal neurons and treated Neurite outgrowth from these cells was inhibitedby 

MAG(Fig. 5a). AswithPC12 celk,treatmentofretinaln^irons cells withC3 allowedneurite extension 
on fliegrowth inhibitory MAGsubstrates to an extent similarto that observedon control substrates (Fig. 
5b and 5) 

To ensure that the effect of C3 treatmentresulted from uptake of C3 into the cells, we examined by 
Westemblottheelectrophoreti^ 

6). Ithas previously been shown that ADP-ribosylation of Rho results in decreasedmobility ofRho on 
SDS-aaylamidegels (MethodEnzymol. Vol 256, Chapter22pgl98).Forourexperiments,PC12alls 
werescrape-loadedwithC3 or with scrape-loading buffer as a control, and cell lysates were prepared 
after 48 hours in culture. Western blots of the ty^^ 

apparentmolecdarweight in cells treatedwith G. As a control forthe specificity of the effect, weprobed 
thesame blots for another small GTPase of the Rho family, Cdc42. Cdc42 didnotshow any changein 
mobility upon treatment with C3. 

Tocultureretinalneurons, retinas wereremovedfromP 1- P5 rat pups, andthecells woe dissociated with 
12.5 Upapain/ml in Hanks balancedsalts solution, 0.2 mg/ml DL cysteine and 20 fig/ml bovineserum 
albumin. The dissociated cells were plated on test substrates in the presence of 50 jig/ml BDNF in 
DMEM with 10% FBS, vitamins, andperu^ 

transferase. Neurons were visualized by fluorescent microscopy with anti-pin tubulin antibody. 



2. Effects of C3 on retinal ganglion cell axon growth in vivo 
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To explore the possibihty that treatment of damaged axons with C3 might fosterregeneratiGn tnvfw,we 
examined regeneration of retinal ganglion cell (RGC) axons in the optic nerve 2 weeks after optic nerve 
crush. Recently, it has been shown that microlesions in the CNS reduce the extent of the glial scar and 
allow axons access to CNS white matter distal to the lesion pavies, S J.A., etal (1997) Afafare390, 
680-683). To make microlesions of optic nerve, 10.0 sutures were used to axotomize RGC axons by 
constriction (Fig. 7a). Retrograde labeling ofRGCs from the superior 
anterograde labeling techniques (eg., Fig. 7a) verified that RGC axons were effectively axotonrized To 
apply C3 tocrushednerves,Gelfoamsoakedwith2mg/mlC3 waswrappedaroundtheleftopticnerve 
attiiecrushsite,andtwoElvaxtubes,each loadedwith20 figofGwerepositionedforsustainedslow 
release (Fig. 7a). Twelve animals were treated with C3, and a further 8 animals were treatedtfith PBS as 
controls. Crushed andregenerating axons were visualizedby anterograde labeling with choleratoxin 
injected into the eye 1 2 days after optic nerve crush (Fig. 7a). Fourteen days after optic nerve crush, 
longitudinal cryostat sections of the optic nerves were examined by fluorescent microscopy for 
immunoreactivity to cholera toxin to detect anterogradely labeled RGC axons. 

hi control optic nerves that received optic nerve crush alone, no RGC axons extended pas t the crush site 
(n=3 animals). In control animals treated with PBS-Elvaxpellets andgelfoam, the crush site was easily 
detected where most anterogradely labeled axons stopped abruptly (Fig. 7c). However, intheseanimals, 
afew axons did extend past the crush (Fig. 7c, arrows), and the number of axons that regenerated varied - 
from animal to animal. The application of Gdfoam and Hvax tubes may have altered the responseto injury. 
Nonetheless, the response to C3 treatment applied with this lesion paradigm was dramatic. 

We observedthat C3 treatment allowedmany RGC axons to grow past theregionof the lesion. In7 of 
12 C3-treafed animals, the lesion site was not clearly defined because of the largenumbers of axons that 
extended through the site (Fig. 7dand e). Many of the axons that extendedpastthelesion site showeda 
twisted path of growth, supporting their identification as regenerating axons (Fig. 7f). A quantitative 
comparison of C3 andPBS treated animals revealedthat more fibers grew past the lesion site after C3 
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treatment than after PBS treatment (Fig, 7b). For this analysis we made a conservative estimate of the 
lesion site based on morphology, and counted the number of fibers in the distal optic nerve in 1 4 jim 
sections. Seven of 12 G-treated animals showedatleastonesection with 10-20axons extending 250 
Hm past the crush, compared with 1 of 8 of the PBS-treated controls (Fig. 7). In some animals 
regenerating axons were observed up to 1 mmfromthecrush, an extentof regeneration similar to that 
observed inmouse opticnerve after treatmentwith IN-1 antibody to block myelin inhibitors where fibers 
extended up to 750 urn ((Bartsch, U., et al, (1995) Neuron 15, 1375-1381). 

C3 treatment of crushed optic nerve in adult rats 

Rats were anesmetizedwim0.6ml/kghypnonn,2.5mg/kg diazepanand35mg/kgketamin. He left optic 
nervewasexposedbyasupraorbital approach, theopticnewesheathsHtlongitudinally, the opticnerve 
liftedoutandcrushed 1 mmfiTomtheglobeby consm^onwimal0.0suturehddfor60seconds(T , ig.4a). 
For C3 treatment andbuffer controls, Gelfoam soaked in PBS or 2 mg/ml C3 transferase was placed on 
menerveatmelesionsite.Two3mralongtubesofEIvax(Sefton, g/fl/.,(1984))loadedwithbufferor 
20 pg C3weremsertedmmeGelfoamnearmenerveforcontmuedslowreIeaseofG (Fig. 4b). Twelve 
days after crush, 5 ul of l%choleratoxin Psubunit (ListBiological laboratories, Inc., Cambell,CA)was 
injectedinto the vitreous to anterogradely label retinal ganglion cell axons (Fig. 4c). Twoweeks after optic 
nerve crush the animals were fixed by perfusion with 4% paraformaldehyde, and the eye with attached 
opticnervewas removed andpostfixedin4%paraformaldehyde. Longitudinal cry ostatsections were 
processedforimmunoreacuwtytocho^ 

Inc,CA), foDowedbyrabbitanti-gcMtbiotmylatedanuTjody Vector Labs, Burlingame,CA),and 
DTAF-streptavidin (1: 500, Jackson Immunoresearch Laboratories). 

Discussion 

HerewerepcrttliatuiesndllGTPbmdingproteinRho is likelytobeakeyintermediateintheneuronal 
response to neurite growth inhibitory signals. Treatment of cultured PC 12 cells, retinal neurons, and 
cerebellar granule cells with C3 enzymeto inactivate Rhoallowedneurites to extend directry on inhibitory 
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substrates of MAGormyelin. Also, PC 12 cells transfected with dominantnegativeRhoA extended 
neurites onMAGsubstrates. Therefor, inactivation ofRho was sufficient to allow neurite growth on MAG 
or myelin substrates when neurons were grown in the presence of neurotrophic factors. 

Further, our observations of microlesionedopticnerves after treatment with G provide the firet evidence 
that the inactivation ofRho in axons and non-neuronal cells near the site of lesion can help foster 
regeneration after injury. While the invitro experiments showed thatC3 can affect diredythegrowth of 
neurites fromretinal cells, itis likely that the effects we observed after application of G to the opticnerve 
in vivo are more complex. G may affect other non-neuronal cells, such as macrophages and astrocytes, 
andthesepossfcffitiesneedto be further examined Nonetheless, our data provide compelling evidence that 
G canpromote neurite growth oninhibitory substrates in vitro, andhelps toovercome growth inhibition 
in vivo. 

Regulation of neurite growth by Rho family members 

Not all ofthemyelin-derivedinhibitory molecules are known todate, andless is known abouttheneuranal 
receptors for growth inhibitory molecules. Seved different MAGrcceptorehavebeenid^ 
etal. 1997; Yangetal. 1996), and additional neuronal receptors to myelin inhibitors are likely to exist. 
Targeting inbaceQular signaHngmechanisms convergingto Rhoratherthan individual receptors may be the 
mostpractical way toovercomegrowth inhibition invivo. TheadvantageofinactivatinglUiotostimulate 
regeneration is that axons canregenerate directly on thenativetemunoftheCNS,andthusmaybemore 
likely to find their natural targets. 

Both MAG and the other my elin-deri ved growth inhibitoiy proteins block axon extension by causing growth 
cone collapse (Li, M, etal, (1996) J. Neurosci. Res. 46, 404414; Bandtlow, C.E, etal. } (1993) 
Science 259, 80-83). These finding suggested to us that growth cone collapse by the myelin-derived 
inhibitors might be regulated by Rho. Moreover, in non-neuronal cells, Rho participates in integrin- 
dependent signaling (I aiirianna, C, e/a/.,(l996) ScienceTH 98 1-983.; Udagawa, T. andMcIntyre, 
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B. W. (1996) J.Biol Chent 271, 12542-12548.). Together with the observationthatlaminkcanovem^ 
myettn-derivedinh¥tiok^ 

int^ting signaling from positiveandnegativegrowthcues. To investigate this possiMty, wehavemade 

useoftheADP^osyltransf^ 

affecting Racand(Mc42,twoothermOT 

J. Biol Chem. 271, 12542-12548) andfoundthat C3 treatment fosters neurite growth in the presence of 
growth inhibitars. Moreover, immunocytochemical observations indicate thatRhoproteinis concentrated 
atthefilopodial tips ofgrowth cones in adhesionstructiu*escalledpointcontacts(Renaudinetal. 1998). 
Hierefore, our in vitro results suggesttheRho signaling pathway is akey target for regulating growth cone 
motility and stimulating regeneration. 

Moreover, this datais relevantto the finding of Song et al (Song et aL Science 28 1 : 1 5 1 5-1 5 1 8 (1998)) 
who report that growth cone repulsion by MAG can be converted into attraction by elevation of 
intracellular cAMP levels to activate protein kinaseA(PKA). Experiments with non-neuronal cells has 
implicated cAMP in the regulation ofRho because elevation of cAMP inhibits Rho activation (Laudanna, 

C, etal, (1 996) Science 22L 98 1 -983). In PKA deficient PC 1 2 cells, elevation of cAMP fails to protect 
from the activation of Rho by lysophosphatidic acid (Tigyi, G., et aL, (1996) J. Neurochem. 66, 
537-548), afindingthatsuggests that PKA-dependent regulation ofRho occurs in neural cells as well. 
Therefore, the cAMP-dependentregulati^^ #a/.,(1996) . 
Science 271,981-983). 

The non-neuronal response to optic nerve injury 

Remarkably, we observed that RGC axons crossed the lesion site to enter the distal optic nerve after 
treatmentofinjuredopticnervewithC3. Some axons grewup to 1 mmpastthe site oflesion. This distance 
is compai^letothemaximal distances observedfollowingtreatmentofopticnervewithIN-1 antibody 
(Bartsch,U., rfa/.,(1995)//e«ronl5, 1375-1381) Themoststrikmg feature o^ 
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number of axons that were able to cross the lesion site compared to PBS-treated controls (see Fig. 7). 
Therefore, itis appears that C3 was also ableto promote axon growth oninhftitoiy proteins present at the 
glial scar, indicating that taige^ 
regeneration after injury. 



SUBSTITUTE SHEET (RULE 26) 



CA 02304981 2000-05-09 



WO 99/23113 PCT/CA98/01013 

35 



We Claim 



1 . An antagonist of one or more ofRho family members characterizedby the ability to elicit neurite 
outgrowth from cultured neurons in an assay method, comprising the steps of: 

(a) culturingneurons on agrowth permissive substrate that incorporates a growth-inhibiting 
amount of a Rho family member, and 

(b) exposing the cultured neurons of step a) to a candidate Rho family member antagonist 
agent in an amount and for a period sufficient prospectively to permit growth of the 
neurons; 

thffeby identifying as Rho family antagonists thecandidates of stepb) which elicitneurite outgrowth 
from the cultured neurons of step a). 

2. Theantagonistacccndingto claim 1 , whereinsaid Rho family members are selected fromthegroup 
comprising RhoA, RhoB. RhoC, Rac, cdc42 and Rho-associated protein kinase. 

3 . The antagonist according to claim 1 , wherein said interaction with the Rho regulatory pathway is 
via interaction with GTP/GDP cycle. 

4. The antagonist according to claim3, wherein the interaction with the GTP/GDP cycle involves 
GTP/GDP exchange proteins (GEP's); GDP dissociation inhibitors (GDI's); or GTPase activating 
protein (GAP) to regulate Rho activity. 

5. Theuseofantaganists of oneormoreRho family members to promote neural growth by inhibiting 
Rho family members in the central nervous system. 

6. The use of ADP-ribosyltransferaseC3,oroth^ 

by inhibiting one or more Rho family members in the central nervous system. 

7. The use of a GTPase activating protein that is specific to Rho to convert GTP-bound active Rho 
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to GDP-bound inactive Rho. 

8. TheuseofADP-nT>osyl transferase (3 
AorB. 

9. The use ofbiologically active fragments of ADP-ribosyl transferase C3, analogs and derivatives 
thereof to promote neural growth by inhibiting one or more Rho family memb ers in the central 
nervous system. 

10. TheuseofY27632, orrelatedompoimds,topromoteneural growth by 
kinase in the central nervous system. 

1 1 . The use of genetically mutated forms ofRho, to promote neural growthby inhibiting one or more 
Rho family members in the central nervous system 

12. TheuseofdominantnegativeRhotoinactivateRho,to 
system 

13. The genetically mutated foim ofRho according to claim 1 l,whCTeinthemutationisinthe effector 
domain, A-37, thereby preventing GTP exchange. 

14. Theuse of GDP dissociation inhibitors, orstimulation thereof, to inhibitthe dissociation of GDP 
from Rho and thereby prevent the binding of GTP necessary for the activation of Rho. 

1 5. The use of compounds that promote Rho binding to GTPase inhibiting protein (GDI), thereby 
antagonizing the ability of Rho to be translocated to the plasma membrane. 

1 6. A method for producing Rho antagonists from Rho family members, fragments, analogs of 
derivatives by peptide synthesis orby recorabinantDNA expression of rither a truncated domain 

SUBSTITUTE SHEET (RULE 26) 



CA 02304981 2000-05-09 



WO 99/23113 PCT/CA98/01013 

37 

ofRho family members, incorporating one ormore L- or D-amino acidsubstitutions, orof intact 
Rho family members usin g standard recombinant procedures and s electing antaganst characterized 
by the ability to elicit neurite outgrowth from culturedneurons in an assay method, comprising the 
steps of: 

5 (a) culturingneurons nn a gmwth permissive substrate that incorporates a growth-inhibiting 

amount of a Rho family member, and 
(b) exposingtheculturedneuronsofstepa) to a candidate Rho family member antagonist 
agent in an amount and for aperiod sufficient prospectively to permit growth of the 
neurons; 

10 thereby idmttfying as Rho family antagomststhecandidafes^ 

from the cultured neurons of step a). 



17. The antagonist according to claim 1 , wherein derivatives of Rho family members, Rho family 
members fragments andRhofamily members analogs can be generatedby chemical reaction ofthe 
1 5 parent substance to incorporate the desired derivitizing group, suchas N-terminal, C-terminaland 

intra-residuemodifying groups thathavefe 
amino acids within it 



1 8. An antagonist of one or more of Rho family members, characterized by following properties 
20 (a) blocks growth inhibition of neurites by myelin or myelin proteins; and 

(b) interferes with Rho family members-mediated growth inhibition as competitive butnon- 
functional mimics of endogenous Rho family members; 

1 9. A composition comprising a therapeutically effective amount of the composition of claim 1 in a 
25 suitable pharmacologic earner. 

20. An assay methoduseful to identify Rho family member antagonist agents that suppress inhibition 
of neuron growth, comprising the steps of: 

(a) ailtuiingneurons on a growth permissive substrate that incorporates a growth-inhibiting 
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amount of a Rho family member, and 

(b) exposing the culturedneurons of step a) to a candidateRho family member antagonist 
agent in an amount and for a period sufficient prospectively to permit growth of the 
neurons; 

5 thereby identifying as Rho family antagonists theranriiriafes of stepb) wtochdiAneurite outgrowth 

from the cultured neurons of step a). 

2 1 . A kit to test for Rho family antagonists thai canbeused to promote neurite growth comprising the 
components necessary to work the method of claim 16, in a suitable container. 

10 

22. Amethod to suppress the inhibition of neuron, comprising the steps of delivering, to the nerve 
growth environment, a Rho family antagonist in an amount effective to reverse myelin inhibition 
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Figure 2 
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Figure 4 
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Figure 5 
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Figure 7 
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